
HIGH-VOLTAGE MOS TRANSISTOR AND 
METHOD FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an MOS transistor with 

an increased breakdown voltage (which will be herein called a 
"high-voltage MOS transistor") and a method for fabricating 
the transistor. 

Various structures have been specially designed for a 

10 high-voltage MOS transistor. Among other things, a LOCOS off- 
set structure is particularly effectively applicable to an MOS 
transistor, of which the gate, source and drain all have to 
have an increased breakdown voltage (e.g., as in a liquid 
ci^stal display driver). In the LOCOS offset structure, a re- 

15 latively thick field oxide film (typically, a locally oxidized 
silicon (LOCOS) film) is formed around the edges of the gate 
electrode of an MOS transistor or between the gate electrode 
and source/drain regions thereof. 

The LOCOS offset structure includes offset regions and 

20 well offset regions. The offset regions together form a 
lightly-doped layer under the LOCOS regions that are located 
around the edges of a gate electrode. These offset regions 
are provided mainly to prevent the intensity of an electric 
field from increasing too much at the pn junction between the 

25 drain region and a region under the gate electrode. The off- 



set regions are of the same conductivity type as the 
source/drain regions but doped more lightly than the 
source/drain regions. The well offset regions also form a 
lightly-doped layer under the source/drain regions, but are 
5 located deeper than the offset regions. These well offset re- 
gions are provided mainly to prevent the intensity of an elec- 
tric field from increasing too much in the pn junction between 
the drain region and a well or a substrate region of the oppo- 
site conductivity type under the drain region.' The well off- 
ty 10 set regions are also of the same conductivity type as the 

I'O 

ffl source/drain regions and the offset regions but are doped even 

m 

p more lightly than the offset regions. That is to say, the 

source/drain, offset and well offset regions are all of a con- 
ductivity type, but their dopant concentrations decrease in 
[q 15 this order. Specifically, the source/drain regions have the 
P highest dopant concentration, the offset regions have the next 

highest and the well offset regions the lowest. 

Hereinafter, a known high-voltage MOS transistor with 
the LOCOS offset structure will be described with reference to 
^nc^r 20 Figures 11 and 12. Figures 11 and 12 are respectively a 
cross-sectional view and a plan view illustrating the known 
high-voltage MOS transistor. As shown in Figures 11 and 12, 
the high- voltage transistor is normally formed along with a 
transistor with a low breakdown voltage (which will be herein 
25 called a "low-voltage transistor") on the same chip. In the 



2 



t 



example illustrated in Figures 11 and 12, the high- and low- 
voltage transistors a and b are implemented as an n-channel 
MOS transistor (NMOS) and a p-channel MOS transistor (PMOS), 
respectively, 

5 First, the structure of the high-voltage transistor a 

will be described. A p-well 2 is defined for the high- 
voltage NMOS a inside a p-type substrate 1 and a gate elec- 
trode 8 is formed over the p-well 2 with a gate oxide film 7 
interposed therebetween. LOCOS regions 6 are formed around 

10 the edges of the gate electrode 8 and between the gate elec- 
trode 8 and source/drain regions 9s and 9d to electrically 
isolate the gate electrode 8 from the source/drain regions 9s 
and 9d on the surface of the substrate 1. Source/drain offset 
regions 4s and 4d are provided under the LOCOS regions 6 

15 around the edges of the gate electrode 8. And source/drain 
well offset regions 3s and 3d are further provided under the 
source/drain regions 9s and 9d. The source offset and well 
offset regions 4s and 3s are not always needed because, nor- 
mally, the intensity of an electric field should not increase 

20 so much on the source side according to ordinary specifica- 
tions. However, a transistor device is usually formed symmet- 
rically to have source/drain regions of the same length and 
with the same dopant concentration. This is because the 
source/drain regions should not be fixed but are preferably 

25 used interchangeably. That is to say, the lengths Ls and Ld 
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of the source/drain offset regions 4s and 4d are preferably 
equal to each other. In addition, the length Od of a region 
overlapping between the drain offset and well offset regions 
4d and 3d is also equal to the length Os of a region overlap- 
5 ping between the source offset and well offset regions 4s and 
3s. In this structure, the gate, source and drain regions of 
the NMOS a are electrically isolated from a channel stopper 
10, which is a doped layer for creating a potential in the p- 
well 2, by n- and p-type isolating regions 4 and 5 and LOCOS 
10 regions 6 . 

Next, the structure of the low-voltage transistor b will 
be described. An n-well 3 is defined for the low-voltage PMOS 
b inside the p-well 2. Another gate electrode 8 is formed 
over the n-well 3 with the gate oxide film 7 interposed 
15 therebetween, and source/drain regions lis and lid are de- 
fined on the left- and right-hand sides of the gate electrode 
8. In this structure, the gate, source and drain regions of 
the PMOS b are electrically isolated from a channel stopper 
12, which is a doped layer for creating a potential in the n- 
20 well 3, by the n- and p-type isolating regions 4 and 5 and the 
LOCOS regions 6. 

Hereinafter, a method for fabricating the known high- 
voltage MOS transistor with the LOCOS offset structure will 
MsrT be described with reference to Figures 13(a) through 13(d). 

25 First, as shown in Figure 13(a), the p-well 2 is defined 



in the surface region of the p-type substrate 1 by photo- 
lithography, ion implantation and annealing processes. Next, 
as shown in Figure 13(b), the n-well 3 and the source/drain 
well offset regions 3s and 3d are defined in respective sur- 
5 face regions of the p-well 2 by photolithography, ion implan- 
tation and annealing processes. Subsequently, as shown in 
Figure 13(c), the n- and p-type isolating regions 4 and 5 and 
the source/drain offset regions 4s and 4d are formed in the 
upper parts of the p-well 2 by photolithography and ion im- 
10 plantation processes. Then, the LOCOS regions 6 are formed to 

£-1 3 

in cover these regions. Thereafter, as shown in Figure 13(d), 

i~ the gate oxide film 7 and the gate electrodes 8 are formed on 

the surface of the substrate 1. Finally, the source/drain re- 
gions 9s and 9d and lis and lid and the channel stoppers 10 

15 and 12 are formed by photolithography, ion implantation and 
annealing processes. In this manner, the high- and low-voltage 
MOS transistors a and b are formed on the same chip. 

Next, it will be described how the known high-voltage MOS 
transistor with the LOCOS offset structure operates. When a 

20 high voltage is applied to the gate electrode 8 and the drain 
region 9d, the high- voltage NMOS a turns ON. Then, not only 
the drain region 9d but also the drain offset and well offset 
regions 4d and 3d, which are lightly-doped layers of the same 
conductivity type as the drain region 9d, are depleted. Thus, 

25 it is possible to prevent the intensity of an electric field 
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firom increasing too much locally around the drain region 9d. 
As a result, the breakdown voltage of the NMOS a can be in- 
creased sufficiently. 

In the known structure, however, a substrate potential 
5 VW easily exceeds a source potential VS, More exactly, the 
substrate potential VW minus the forward biased breakdown 



voltage of silicon often exceeds the source potential vs. 
Accordingly, a breakdown voltage, causing avalanche breakdown 
of a transistor called "sustaining breakdown'' (which will be 



Hereinafter, it will be described with reference to Fig- 
ures 14(a) and 14(b) how and when the sustaining breakdown 



occurs in the known high-voltage MOS transistor with the LOCOS 
15 offset structure. In the following description, the sustain- 
ing breakdown of the NMOS a will be explained for illustrative 
purposes- Figures 14(a) and 14(b) illustrate how the known 
high-voltage MOS transistor operates. Specifically, Figure 
14(a) is a cross-sectional view of the transistor in opera- 
20 tion, while Figure 14(b) is a graph showing a relationship be- 
tween the drain voltage and the current. 

As shown in Figure 14(a), although voltages are applied 
to the high-voltage MOS transistor at the electrode terminals 
G, D2, 52 and W2, it is regions G, Dl, SI and Wl under the 
25 gate electrode 8 that actually operate as the gate, drain. 
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herein called a "sustaining breakdown voltage"), is adversely 



low. 
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source and well of the transistor^ Accordingly, the mechanism 
of the sustaining breakdown will be described with our atten- 
tion mainly focused on these regions. The electrode terminals 
D2, S2 and W2 are separated from the regions Dl, SI and Wl, 
5 actually serving as the drain, source and well of the transis- 
tor, with resistance components RD, RS and RW for the drain 
and source offset regions 4d and 4s and the p-well 2 inter- 
posed therebetween. These resistance components RD, RS and RW 
are provided to prevent the intensity of an electric field 
'-^ 10 from increasing too much. 

JiLj When a positive voltage is applied to the gate electrode 

^2 8 and the drain region 9d, the high-voltage MOS transistor 

i.n 

turns ON. As a result, not only the drain region 9d but also 
o the drain offset and well offset regions 4d and 3d, which are 

15 lightly-doped layers of the same conductivity type, are de- 
O pleted. When these regions 3d, 4d and 9d are sufficiently 
depleted by further increasing the voltage applied, elec- 
trons, which are the majority carriers in the n-type regions, 
start to move from the source toward the drain and a drain 

20 current IDl starts to flow. Part of the drain current IDl 
flows toward the source region 9s, which current will be here- 
in called a "source current ISI". And the other part of the 
drain current IDl flows vertically toward the well 2 and the 
substrate 1, which current will be herein called a "substrate 

25 current IWI" . That is to say, ID1 = IS1 + IW1. It should be 
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noted that the substrate current is usually labeled as Isub, 
but is herein identified by IWl. The relationship between the 
drain voltage VDl and the current IDl is shown in Figure 
14(b). As can be seen from Figure 14(b), while the drain 
voltage VDl is relatively low, the drain current IDI is ap- 
proximately equal to the source current ISl and almost no sub- 
strate current IWl flows. 

However, as the drain voltage VDl increases, electrons, 
moving around the drain, are accelerated by the electric field 
with an intensity increased by the drain voltage VDl and col- 
lide against the lattice sites of silicon to create electron- 
hole pairs. The holes created in this manner are swept by the 
electric field toward the well and the substrate. As a re- 
sult, the substrate current IWl starts to flow. This substra- 
te current IWl and the resistance component RW of the p-well 2 
change the substrate voltage VWl. That is to say, since the 
substrate current IWl is flowing, the substrate potential vwi 
(=RW- IWl) is created in the well and is much higher than the 
source potential VSl, because the source potential VS2 is 
fixed at 0 V. As a result of this variation in substrate 
voltage VWl, the substrate voltage VWl minus the forward bi- 
ased breakdown voltage of silicon comes to exceed the source 
voltage VSl and the pn junction between the substrate and the 
source is forward biased. That is to say, in this case, the 
regions SI, Wl and Dl serve as emitter, base and collector for 
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a parasitic bipolar transistor, not as the source, well and 
drain for the MOS transistor. And since the parasitic bipolar 
transistor turns ON, the amount of current flowing starts to 



5 creases, the substrate current IWl goes on increasing steeply. 
And when the drain voltage VDl reaches x volts, the drain cur- 
rent IDl reaches a current value causing breakdown of the 
transistor. As a result, sustaining breakdown occurs. This 
value X of the drain voltage VDl is the sustaining breakdown 
^ 10 voltage of the known high-voltage MOS transistor. 



It is therefore an object of the present invention to 
provide a high-voltage MOS transistor that can have its sus- 



15 taining breakdown voltage increased while maintaining good 
□ characteristics and a method for fabricating the transistor. 

To achieve this object, according to the inventive high- 
voltage MOS transistor and its fabrication process, the sour- 
ce resistance value RSI is appropriately controlled, thereby 
20 preventing the substrate voltage VWl minus the forward biased 
breakdown voltage of silicon from exceeding the source volt- 
age VSl. As a result, an MOS transistor with an increased 
sustaining breakdown voltage and its fabrication process can 
be obtained . 

25 To avoid the sustaining breakdown, the substrate voltage 



rise abruptly. 



Thereafter, as the drain voltage VDl in- 



SUMMARY OF THE INVENTION 



In 
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VWl minus the forward biased breakdown voltage of silicon 
should be kept equal to or less than the source voltage VSl by 
intentionally changing at least one of the parameters included 
in the equations of VW1=RW1 • IWl and VS1 = RS • ISl. However, 
5 the source current ISI and the substrate current IWl are de- 
termined substantially univalently by the drain voltage VDl 
and are not changeable arbitrarily. Also, the resistance RW 
of the p-well 2 is determined according to , the constraints 
that should be met to realize the characteristics expected of 

10 the HQS transistor and is not changeable either for just the 
purpose of increasing the sustaining breakdown voltage* The 
same statement is not applicable to the source resistance RS 
though. As described above, the source resistance RS is nor- 
mally set equal to the drain resistance RD because the 

15 source/drain regions are usually designed to have the same 
length and the same dopant concentration. This symmetrical 
arrangement is adopted just to simply the design process. Ac- 
cordingly, generally speaking, the source/drain regions do not 
always have to have the same length and the same concentration 

20 to realize good characteristics for the transistor. The drain 
offset region, implementing the drain resistance RD, is 
provided to prevent the intensity of an electric field from 
increasing too much when depleted upon the application of the 
drain voltage VDl. The value of the drain resistance RD is 

25 limited by the drain voltage, the operating speed of the tran- 
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sistor and the ON resistance characteristics. In contrast, 
the value of the source resistance RS is not limited so much 
and changeable relatively easily, because the source resis- 
tance RS is defined with the source potential VS2 fixed at ze- 
5 ro volts, not with a high electric field applied unlike the 
case of the drain resistance RD. 

For these reasons, it can be seen that only the source 
resistance value RS is regulable arbitrarily. By appropri- 
ately setting the source resistance value RS independently of 

10 the drain resistance value RD, the source voltage VSl can be 
increased, and therefore, the substrate voltage VWl minus the 
forward biased breakdown voltage of silicon can be kept equal 
to or less than the source voltage VSl. As a result, it is 
possible to avoid the sustaining breakdown. 

15 In the known high-voltage MOS transistor, the drain re- 

sistance value RD is set to an appropriate value to realize 
ideal transistor characteristics. However, since the 
source/drain regions have been formed symmetrically just to 
simply the fabrication process or the circuit specifications, 

20 the source resistance value RS has not been set to its best 
value. Thus, according to the present invention, the source 
resistance value RS is adaptively changed into a most desir- 
able value, thereby providing a high-voltage MOS transistor 
and its fabrication process that can easily increase the sus- 

25 taining breakdown voltage while ensuring good- characteristics 
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for the MOS transistor. 

In the MOS transistor of the present invention, the 
source/drain regions might have an asymmetrical structure or 
asymmetrical dopant concentration profile, but there will be 
5 no problems even in that situation- In general, in a low- 
voltage MOS transistor to be driven at 5 V, for example, the 
source/drain regions are formed symmetrically in the gate 
longitudinal direction. This is simply because such a sym- 
metrical structure, in which the source/drain regions are 

10 usable interchangeably, is advantageous to increase the 
flexibility of circuit specifications. In contrast, as for a 
high-voltage transistor, the design process of the circuit 
will not be affected even if the source/drain regions are de- 
fined non-interchangeably . Accordingly, the source/drain re- 

15 gions may have mutually different resistance values or an 
asymmetrical structure in the gate longitudinal direction. 

To increase the sustaining breakdown voltage, an exter- 
nal resistor has often been formed for the source region in 
the prior art. However, according to the present invention, 

20 there is no need to provide such an external resistor. And 
yet the same effects as those of the known transistor with the 
external resistor are still attainable by taking advantage of 
the resistance of an offset region for an MOS transistor with 
the LOCOS offset structure in its source/drain regions. 

25 Specifically, an inventive high-voltage MOS transistor 
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is characterized in that a resistance value of a source re- 
gion is set independently of a resistance value of a drain 
region in such a manner as to increase a sustaining breakdown 
voltage of the transistor. 
5 In one embodiment of the present invention, a resistance 

value of a source offset region is set independently of a re- 
sistance value of a drain offset region in such a manner as to 
increase the sustaining breakdown voltage of the transistor. 

Another inventive high-voltage MOS transistor includes a 

10 drain offset region and a source offset region, which is 
asymmetrical to the drain offset region, such that the tran- 
sistor has a high sustaining breakdown voltage. 

In one embodiment of the present invention, a size of 
the source offset region is not equal to a size of the drain 

15 offset region such that the transistor has the high sustaining 
breakdown voltage. 

In another embodiment of the present invention, a dopant 
concentration of the source offset region is not equal to a 
dopant concentration of the drain offset region such that the 

20 transistor has the high sustaining breakdown voltage. 

Still another inventive high-voltage MOS transistor in- 
cludes a drain offset region and a source offset region, 
which has a dopant concentration different from that of the 
drain offset region, such that the transistor has a high sus- 

25 taining breakdown voltage. 
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In one embodiment of the present invention, the resis- 
tance value of the source region is set higher than that of 
the drain region such that a substrate voltage VW minus a for- 
ward biased breakdown voltage of silicon does not exceed a 
5 source voltage VS easily. 

An inventive method for fabricating a high-voltage MOS 
transistor includes the steps of: defining a resist pattern 
that makes a size of a source offset region greater than a 
size of a drain offset region; and forming the source and 
■f 10 drain offset regions using the resist pattern to increase a 

!r=I sustaining breakdown voltage of the transistor. 

r.n 

i*^ Another inventive method for fabricating a high-voltage 

rfi MOS transistor includes the steps of: forming a drain offset 
O region; and forming a source offset region by implanting 
h~ 15 dopant ions at such a level as setting a dopant concentration 
O of the source offset region independently of a dopant concen- 
tration of the drain offset region to increase a sustaining 
breakdown voltage of the transistor. 

In one embodiment of the present invention, the dopant 
20 concentration of the source offset region is set lower than 
that of the drain offset region. 

Still another inventive method for fabricating a high- 
voltage MOS transistor, which will be formed along with a 
low- voltage MOS transistor on the same chip, includes the 
25 steps of: shifting a photomask for forming a well for the 
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low-voltage MOS transistor and source and drain well offset 
regions for the high-voltage MOS transistor to such a posi- 
tion as making a size of a region overlapping between the 
source well offset region and a source offset region smaller 
than that of a region overlapping between the drain well off- 
set region and a drain offset region; and forming the source 
and drain well offset regions for the high-voltage MOS tran- 
sistor using the photomask to increase a sustaining breakdown 
voltage of the high-voltage MOS transistor. 

In the inventive high-voltage MOS transistor and its 
fabrication process, a resistance value of the source region 
is set independently of that of the drain region- Accord- 
ingly, a voltage value obtained by subtracting the forward 
biased breakdown voltage of silicon from the substrate volt- 
age VW is much less likely to exceed the source voltage VS. 
As a result, it is possible to increase the sustaining break- 
down voltage of the MOS transistor while ensuring good char- 
acteristics for the transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view illustrating a high- 
voltage MOS transistor according to a first embodiment of the 
present invention . 

Figure 2 is a plan view illustrating the high-voltage 
MOS transistor of the first embodiment. 
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Figures 3(a) through 3(d) are cross-sectional views il- 
lustrating respective process steps for fabricating the high- 
voltage MOS transistor of the first embodiment: 

Figure 3(a) illustrates the process step of forming a p- 

5. well; 

Figure 3(b) illustrates the process step of forming 
source/drain well offset regions; 

Figure 3(c) illustrates the process step of forming n- 
and p-type isolating regions, source/drain offset regions and 
10 LOCOS regions; and 

Figure 3(d) illustrates the process step of forming 
source/drain regions . 

Figure 4 is a cross-sectional view illustrating a high- 
voltage MOS transistor according to a second embodiment of 
15 the present invention. 

Figure 5 is a plan view illustrating the high-voltage 
MOS transistor of the second embodiment. 

Figures 6(a) through 6(d) are cross-sectional views il- 
lustrating respective process steps, corresponding to those 
20 shown in Figures 3(a) through 3(d), for fabricating the high- 
voltage MOS transistor of the second embodiment. 

Figure 7 is a cross-sectional view illustrating a high- 
voltage MOS transistor according to a third embodiment of the 
present invention . 
25 Figure 8 is a plan view illustrating the high-voltage 
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MOS transistor of the third embodiment. 

Figures 9(a) through 9(d) are cross-sectional views il- 
lustrating respective process steps, corresponding to those 
shown in Figures 3(a) through 3(d), for fabricating the high- 
5 voltage MOS transistor of the third embodiment. 

Figure 10(a) is a cross-sectional view illustrating the 
structure of the inventive high-voltage MOS transistor in op- 
eration; and 

Figure 10(b) is a graph illustrating a relationship be- 
lO tween the drain voltage and the drain current of the inven- 

%^ 

m tive high-voltage MOS transistor in operation. 

Figure 11 is a cross-sectional view illustrating a known 
l;n high-voltage MOS transistor. 

O Figure 12 is a plan view illustrating the known high- 

15 voltage MOS transistor. 

Figures 13(a) through 13(d) are cross-sectional views 
illustrating respective process steps, corresponding to those 
shown in Figures 3(a) through 3(d), for fabricating the known 
high-voltage MOS transistor. 
20 Figure 14(a) is a cross-sectional view illustrating the 

structure of the known high-voltage MOS transistor in opera- 
tion; and 

Figure 14(b) is a graph illustrating a relationship be- 
tween the drain voltage and the drain current of the known 
25 high-voltage MOS transistor in operation. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present inven- 
tion will be described with reference to the accompanying 
drawings . 

5 

EMBODIMENT 1 

Figures 1 and 2 illustrate a high-voltage MOS transistor 
with a LOCOS offset structure according to a first embodiment 
of the present invention. Specifically, Figures 1 and 2 are 
10 respectively a cross-sectional view and a plan view illus- 
trating the high-voltage MOS transistor of the first embodi- 
ment . 

As shown in Figures 1 and 2, the high-voltage transistor 
is formed along with a low-voltage transistor on the same 

15 chip* In the illustrated embodiment, the high- and low- 
voltage transistors A and B are implemented as an NMOS and a 
PMOS , respectively , 

First, the structure of the high-voltage transistor A 
will be described with reference to Figures 1 and 2. A p- 

20 well 2 is defined for the high-voltage NMOS A inside a p-type 
substrate 1 and a gate electrode 8 is formed over the p-well 
2 with a gate oxide film 7 interposed therebetween. LOCOS 
regions 6 are formed around the edges of the gate electrode 8 
and between the gate electrode 8 and source/drain regions 9s 

25 and 9d to electrically isolate the gate electrode 8 from the 
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source/drain regions 9s and 9d on the surface of the substrate 
1. Source/drain offset regions 4s and 4d are provided under 
the LOCOS regions 6 around the edges of the gate electrode 8. 
And source/drain well offset regions 3s and 3d are further 
5 provided under the source/drain regions 9s and 9d. 

As shown in Figures 1 and 2, although the source/drain 
offset regions 4s and 4d have the same dopant concentration 
and the same diffusion depth, the length Ls of the source off- 
set region 4s is greater than the length Ld of the drain off- 

10 set region 4d, 

However, the relative positional relationship between the 
offset and well offset regions is the same as that of the 
known structure. That is to say, the length Od of a region 
overlapping between the drain offset and well offset regions 

15 4d and 3d is also equal to the length Os of a region overlap- 
ping between the source offset and well offset regions 4s and 
3s. 

In this structure, the gate, source and drain regions of 
the NMOS A are electrically isolated from a channel stopper 
20 10, which is a doped layer for creating a potential in the p- 
well 2, by n- and p-type isolating regions 4 and 5 and LOCOS 
regions 6 . 

Next, the structure of the low-voltage transistor B will 
be described with reference to Figures 1 and 2. An n-well 3 
25 is defined for the low-voltage PMOS B inside the p-well 2. 




Another gate electrode 8 is formed over the n-well 3 with the 
gate oxide film 7 interposed therebetween, and source/drain 
regions lis and lid are defined on the left- and right-hand 
sides of the gate electrode 8. In this structure, the gate, 
5 source and drain regions of the PMOS B are electrically iso- 
lated from a channel stopper 12, which is a doped layer for 
creating a potential in the n-well 3 , by the n- and p-type 
isolating regions 4 and 5 and LOCOS regions 6, 

Hereinafter, a method for fabricating the high-voltage 
10 MOS transistor with the LOCOS offset structure of the first 
j'f^ embodiment will be described with reference to Figures 3(a) 

\^ through 3(d). 

in 

i;n First, as shown in Figure 3(a), the p-well 2 is defined 

S in the surface region of the p-type substrate 1 by photo- 

15 lithography, ion implantation and annealing processes. In 
™ the illustrated embodiment, ions of a p-type dopant (e.g., 
boron) are implanted into the surface region of the p-type 
substrate 1 with a resistivity of 10 to 50 Q • cm using a re- 
sist pattern that has been defined to form the well 2 for the 
20 high-voltage transistor. Then, the substrate is annealed to 
form the p-well 2 with a dopant concentration of 2.0X10^^ cm"^ 
and a diffusion depth of about 15/zm, for example. 

Next, as shown in Figure 3(b), the n-well 3 and 
source/drain well offset regions 3s and 3d are defined in re- 
25 spective surface regions of the p-well 2 by photolithography. 
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ion implantation and annealing processes. In the illustrated 
embodiment, ions of an n-type dopant (e.g., phosphorus) are 
implanted using a resist pattern that has been defined to 
form the well 3 for the low-voltage transistor. Then, the 
5 substrate is annealed to form the n-well 3 and source/drain 
well offset regions 3s and 3d with a dopant concentration of 
1*0X10^^ cm'^ and a diffusion depth of about 5//m, for example. 

Subsequently, as shown in Figure 3(c), the n-type isolat- 
ing regions 4 and source/drain offset regions 4s and 4d are 
10 formed in the upper parts of the p-well 2 by photolithography 
IP and ion implantation processes. A resist pattern used for 

\2 this process step should be designed to make the length Ls of 

the source offset region 4s greater than the length Ld of the 
drain offset region 4d. In the known structure, the lengths 
In and Ls of the source/drain offset regions are both set to 

1:3 6,0 //m, for example. However, according to this embodiment, 

the n-type dopant ions such as phosphorus ions are implanted 
using a resist pattern that has been designed to have the 
length Ld of the drain offset region 4d unchanged at 6.0 ju^ 
20 but to increase the length Ls of the source offset region 4s 
to 9.0 //m. Thereafter, the p-type isolating regions 5 are 
formed by photolithography and ion implantation processes and 
the LOCOS regions 6 are formed to cover these regions. In the 
illustrated embodiment, ions of a p-type dopant such as boron 
25 ions are implanted using a resist pattern and then the sub- 
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strata is annealed to form the LOCOS regions 6, As a result, 
the n- and p-type isolating regions 4 and 5 and source/drain 
offset regions 4s and 4d are formed to have a dopant concen- 
tration of 2.0Xl0^^cm'^ and a diffusion depth of about 2//m, 
5 for example. By using the resist pattern that has been des- 
igned to make Ls longer than Ld, the source/drain offset re- 
gions 4s and 4d can be formed through the known process step 
with only their lengths changed (i.e., Ld < Ls ) and without 
changing the concentration or diffusion depth thereof. 
□ 10 Thereafter, as shown in Figure 3(d), the gate oxide film 

;n 7 and gate electrodes 8 are formed on the surface of the sub- 

f strate 1. Finally, the source/drain regions 9s and 9d and lis 

.n 

and lid and channel stoppers 10 and 12 are formed by photo- 
=^ lithography, ion implantation and annealing processes. In the 

I 15 illustrated embodiment, ions of an n-type dopant (e.g.^ phos- 
=5 phorus) are implanted using a resist pattern, and then the 

substrate is annealed to form the source/drain regions 9s and 
9d for the high-voltage NMOS A. The source/drain regions 9s 
and 9d may have a dopant concentration of 2.0X10^° cm"^ and a 
20 diffusion depth of about 0-5>am, for example. 

In this manner, the high- and low-voltage MOS transistors 
A and B are formed on the same chip. 

The known high-voltage MOS transistor has a sustaining 
breakdown voltage of 85 V, for example. On the other hand, 
25 the high-voltage MOS transistor according to this embodiment 
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realizes a sustaining breakdown voltage of as high as 100 V, 
which is about 15 V higher than that of the known high- 
voltage MOS transistor, 

Hereinafter, it will be described with reference to Fig- 
5 ures 10(a) and 10(b) how the high-voltage MOS transistor with 
the LOCOS offset structure of this embodiment operates. In 
the following description, the high-voltage MOS transistor is 
supposed to be an NMOS for illustrative purposes. Figure 
10(a) is a cross-sectional view illustrating the inventive 

10 high-voltage MOS transistor in operation, while Figure 10(b) 
is a graph showing a relationship between the drain voltage 
and the current. 

Like the known high-voltage MOS transistor, voltages are 
also applied to the inventive high-voltage MOS transistor at 

15 the electrode terminals G, D2, S2 and W2 in operation. How- 
ever, it is the regions G, Dl, SI and Wl under the gate elec- 
trode 8 that actually operate as the gate, drain, source and 
. well of the transistor. The electrode terminals D2f 52 and 
W2 are separated from the regions Dl, SI and Wl with resis- 

20 tance components RD, RS and RW for the drain and source offset 
regions 4d and 4s and the p-well 2 interposed therebetween. 
These resistance components RD, RS and RW are provided to pre- 
vent the intensity of an electric field from increasing too 
much. 

25 When a positive voltage is applied to the gate electrode 
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8 and the drain region 9d, the high-voltage MOS transistor 
turns ON, As a result, not only the drain region 9d but also 
the drain offset and well offset regions 4d and 3d, which are 
lightly-doped layers of the same conductivity type, are de- 
5 pleted. When these regions 3d, 4d and 9d are sufficiently 
depleted by further increasing the voltage applied, elec- 
trons, which are the majority carriers in the n-type regions, 
start to move from the source toward the drain and a drain 
current IDI starts to flow. Part of the drain current IDl 
10 flows toward the source region 9s, which current is the ''sour- 
m ce current ISl", And the other part of the drain current IDl 

iZ, flows vertically toward the well 2 and substrate 1, which cur- 

rent is the "substrate current IWI", That is to say, ID1 = IS1 
,Q + IWI . The relationship between the drain voltage VDl and 

15 drain current IDl is shown in Figure 10(b). 
□ As can be seen from Figure 10(b), when the drain voltage 

VDl increases to reach a predetermined high voltage, the sub- 
strate current IWI starts to flow, thereby generating a sub- 
strate potential VWl ( =RW • IWI) in the well 2, In the source 
20 region on the other hand, the amount of the source current ISI 
flowing is the same as that of the known transistor. However, 

^jthe r.^sistance value RS of the source offset region 4s^ is 

higher than that of the known transistor, because the source 
offset region 4s is longer than that of the known transistor. 
25 Accordingly, at the same drain voltage VDl, the source poten- 
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tial VSl of the inventive transistor is higher than that of 
the known transistor, because VS1=RS • ISl. That is to say, 
the higher the resistance RS of the source offset region 4s, 
the higher the source potential VSl. Thus, even at the volt- 
5 age VDl (=x (V)) at which the sustaining breakdown occurs in 
the known high-voltage MOS transistor, the source potential 
VSl still can be equal to or higher than the substrate poten- 
tial VWl (=RW" IWl ) . In other words ,^he substrate potential 
VWl minus the forward biased breakdown voltage of silicon can 

10 be kept equal to or less than the source potential VSl. Ac- 
cordingly, the parasitic bipolar transistor, which is uninten- 
tionally formed by the regions Dl, SI and wl in the known 
transistor, does not turn ON. The substrate current IWl does 
not increase abruptly and therefore the drain current IDI does 

15 not reach the value causing the sustaining breakdown in the 
transistor. As a result, the sustaining breakdown is avoid- 
able. 

As described above, according to the first embodiment, 
the size (i.e., the length) of the source offset region 4s is 

20 adjusted in such a manner as to set the resistance value RS of 
the source offset region 4s to an appropriate value. Thus, 
the transistor of this embodiment has an asymmetrical 
source/drain structure, in which the source offset region is 
greater in length that the drain offset region. However, it 

25 is still possible according to this embodiment to increase the 
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sustaining breakdown voltage with good characteristics ensured 
for the MOS transistor and without changing the process steps. 

In the foregoing embodiment, the present invention has 
been described as being applied to an NMOS . Naturally, 
5 though, the same effects are also attainable by applying the 
present invention to a PMOS* 



EMBODIMENT 2 

Next, a second embodiment of the present invention will 
10 be described with reference to the accompanying drawings • 

I!; § 

5~ Hereinafter, a high-voltage MOS transistor with a LOCOS 

5.: 5 

jf| offset structure according to the second embodiment will be 

described with reference to Figures 4 and 5. Specifically, 
=y Figures 4 and 5 are respectively a cross-sectional view and a 

15 plan view illustrating the high-voltage MOS transistor of the 
□ second embodiment. As shown in Figures 4 and 5, the high- 

voltage transistor is formed along with a low-voltage transis- 
tor on the same chip. In the illustrated embodiment, the 
high- and low- voltage transistors C and B are implemented as 
20 an NMOS and a PMOS, respectively. 

First, the structure of the high-voltage transistor C 
will be described with reference to Figures 4 and 5. A p- 
well 2 is defined for the high-voltage NMOS C inside a p-type 
substrate 1 and a gate electrode 8 is formed over the p-well 
25 2 with a gate oxide film 7 interposed therebetween. LOCOS 
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regions 6 are formed around the edges of the gate electrode 8 
and between the gate electrode 8 and source/drain regions 9s 
and 9d to electrically isolate the gate electrode 8 from the 
source/drain regions 9s and 9d on the surface of the substrate 
5 1. Source/drain offset regions 4s and 4d are provided under 
the LOCOS regions 6 around the edges of the gate electrode 8. 
And source/drain well offset regions 3s and 3d are further 
provided under the source/drain regions 9s and 9d. 

As shown in Figures 4 and 5, the source/drain offset re- 

10 gions 4s and 4d are defined such that Ls = Ld and the 
source/drain offset and well offset regions are defined such 

ip that Od = Os as in the known high-voltage MOS transistor. In 

the second embodiment, however, the dopant concentration of 
ip the source offset region 4s is set lower than that of the 

=B 15 drain offset region 4d. In this structure, the gate, source 
□ and drain regions of the NMOS C are electrically isolated from 

a channel stopper 10, which is a doped layer for creating a 
potential in the p-well 2, by n- and p-type isolating regions 
4 and 5 and the LOCOS regions 6 • 
20 Next, the structure of the low-voltage transistor B will 

be described with reference to Figures 4 and 5, An n-well 3 
is defined for the low-voltage PMOS B inside the p-well 2. 
Another gate electrode 8 is formed over the n-well 3 with the 
gate oxide film 7 interposed therebetween, and source/drain 
25 regions lis and lid are defined on the left- and right-hand 
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sides of the gate electrode 8. In this structure, the gate, 
source and drain regions of the PMOS B are electrically iso- 
lated from a channel stopper 12, which is a doped layer for 
creating a potential in the n-well 3, by the n- and p-type 
5 isolating regions 4 and 5 and LOCOS regions 6. 

Hereinafter, a method for fabricating the high-voltage 
MOS transistor with the LOCOS offset structure of the second 
embodiment will be described with reference to Figures 6(a) 
through 6 (d) . 

10 First, as shown in Figure 6(a), the p-well 2 is defined 

JiLj in the surface region of the p-type substrate 1 by photo- 

ifi lithography, ion implantation and annealing processes. In 

iir - 

the illustrated embodiment, ions of a p-type dopant (e.g., 
=fl boron) are implanted into the surface region of the p-type 

15 substrate 1 with a resistivity of 10 to 50 Q - cm using a re- 
^^3 sist pattern that has been defined to form the well 2 for the 

high-voltage transistor. Then, the substrate is annealed to 
form the p-well 2 with a dopant concentration of 2.0X10^^ cm"^ 
and a diffusion depth of about 15//m, for example. 

20 Next, as shown in Figure 6(b), the n-well 3 and 

source/drain well offset regions 3s and 3d are defined in re- 
spective surface regions of the p-well 2 by photolithography, 
ion implantation and annealing processes. In the illustrated 
embodiment, ions of an n-type dopant (e.g., phosphorus) are 

25 implanted using a resist pattern that has been defined to 
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form the well 3 for the low-voltage transistor. Then, the 
substrate is annealed to form the n-well 3 and source/drain 
well offset regions 3s and 3d with a dopant concentration of 
1.0X10^^ cm~^ and a diffusion depth of about 5//m, for example. 
5 Subsequently, as shown in Figure 6(c), the n-type isolat- 

ing regions 4 and drain offset region 4d are formed in the up- 
per parts of the p-well 2 by an ion implantation process. The 
source offset region 4s is formed by implanting ions using a 
different resist pattern, such as that shown in Figure 5, 
'j' 10 which will make the dopant concentration of the source offset 
JiJ^ region 4s lower than that of the drain offset region 4d. 

if% Thereafter, the p-type isolating regions 5 are formed by pho- 

tolithography and ion implantation processes and the LOCOS re- 
gions 6 are formed to cover these regions • 
^0 15 In the illustrated embodiment, ions of an n-type dopant 

P such as phosphorus and ions of a p-type dopant such as boron 

are implanted using different resist patterns and then the 
substrate is annealed to form the LOCOS regions 6. As a re- 
sult, the n- and p-type isolating regions 4 and 5 and drain 
20 offset region 4d are formed to have a dopant concentration of 
2.0X10^^ cm"^ and a diffusion depth of about 2/zm, while the 
source offset region 4s is formed to have a dopant concentra- 
tion of 1.3X10^^ cm"^ and a diffusion depth of about 1.6x/m, for 
example. 

25 Thereafter, as shown in Figure 6(d), the gate oxide film 
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7 and gate electrodes 8 are formed on the surface of the sub- 
strate 1. Finally, the source/drain regions 9s and 9d and lis 
and lid and the channel stoppers 10 and 12 are formed by pho- 
tolithography, ion implantation and annealing processes • In 
5 the illustrated embodiment, ions of an n-type dopant (e.g., 
phosphorus) are implanted using a resist pattern, and then 
the substrate is annealed to form the source/drain regions 9s 
and 9d for the high- voltage NMOS C. The source/drain regions 
9s and 9d may have a dopant concentration of 2 . 0 X 10^'' cm"^ and 

O 

J:^ 10 a diffusion depth of about 0.5//m, for example. 

In this manner, the high- and low-voltage MOS transistors 
iZ c and B are formed on the same chip. 

^" The known high-voltage MOS transistor has a sustaining 

= 3 breakdown voltage of 85 V, for example. On the other hand, 

=n 15 the high-voltage MOS transistor according to this embodiment 
□ realizes a sustaining breakdown voltage of as high as 100 V, 

which is about 15 V higher than that of the known high- 
voltage MOS transistor. 



20 ures 10(a) and 10(b) how the high-voltage MOS transistor with 
the LOCOS offset structure of this embodiment operates. In 
the following description, the high-voltage MOS transistor is 



10(a) is a cross-sectional view illustrating the inventive 
25 high-voltage MOS transistor in operation, while Figure 10(b) 



Hereinafter, it will be described with reference to Fig- 



supposed to be an NMOS for illustrative purposes. 



Figure 
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is a graph showing a relationship between the drain voltage 
and the current. 

Like the known high- voltage MOS transistor, voltages are 
also applied to the inventive high-voltage MOS transistor at 
5 the electrode terminals D2, S2 and W2 in operation. How- 
ever, it is the regions G, Dl, SI and Wl under the gate elec- 
trode 8 that actually operate as the gate, drain, source and 
well of the transistor. The electrode terminals D2, S2 and W2 
are separated from the regions Dl, SI and Wl with resistance 

10 components RD, RS and RW for the drain and source offset re- 
gions 4d and 4s and the p-well 2 interposed therebetween. 
These resistance components are provided to prevent the inten- 
sity of an electric field from increasing too much. 

When a positive voltage is applied to the gate electrode 

15 8 and the drain region 9d, the high-voltage MOS transistor 
turns ON. As a result, not only the drain region 9d but also 
the drain offset and well offset regions 4d and 3d, which are 
lightly-doped layers of the same conductivity type, are de- 
pleted- When these regions 3d, 4d and 9d are sufficiently 

20 depleted by further increasing the voltage applied, elec- 
trons, which are the majority carriers in the n-type regions, 
start to move from the source toward the drain and a drain 
current IDl starts to flow. Part of the drain current IDI 
flows toward the source region 9s, which current is the source 

25 current ISl. And the other part of the drain current IDl 
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flows vertically toward the well 2 and the substrate 1, which 
current is the substrate current IWl. That is to say, IDl = 
ISl + IWl. The relationship between the drain voltage VDl and 
the current is shown in Figure 10(b). 
5 As can be seen from Figure 10(b), when the drain voltage 

VDl increases to reach a predetermined high voltage, the sub- 
strate current iwl starts to flow, thereby generating a poten- 
tial VWl (=RW • IWl) in the well 2* In the source region on 
the other hand, the amount of the source current ISl flowing 

10 is the same as that of the known transistor. However, the re- 
sistance value RS of the source offset region 4s is higher 
than that of the known transistor. This is because the dopant 
concentration of the source offset region 4s is made lower 
than that of the known transistor by decreasing the implant 

15 dose for the source offset region 4s. Accordingly, at the 
same drain voltage VDl,^t jie soii rce^otential VSl pf_the_inverv^ 
tive transistor is higher than that of the known transistor, 
because VS1 = RS • ISl. That is to say, the higher the resis- 
tance value RS of the source offset region 4s, the higher the 

20 source potential VSl. Thus, even at the voltage VDl ( =x (V)) 
at which the sustaining breakdown occurs in the known high- 
voltage MOS transistor, the source potential VSl still can be 

VSf > 

equal to or higher than the substrate potential VWl ( RW • 

IWl), In other words, the substrate potential VWl minus the 

— — -. - ^ 

25 forward biased breakdown voltage of silicon can be kept equal 
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to or less than the source potential VSl. Accordingly, the 
parasitic bipolar transistor, which is unintentionally formed 
by the regions Dl, SI and Wl in the known MOS transistor, does 
not turn ON. The substrate current iwl does not increase 
5 abruptly and therefore the drain current IDl does not reach 
the value causing the sustaining breakdown in the transistor. 
As a result, the sustaining breakdown is avoidable. 

As described above, according to the second embodiment, 
the implant dose for the source offset region 4s is controlled 

10 in such a manner as to set the resistance value RS of the 
source offset region 4s to an appropriate value. Thus, the 
transistor of this embodiment has an asymmetrical dopant con- 
centration profile, in which the source offset region has a 
dopant concentration lower than that of the drain offset re- 

15 gion. In addition, the number of process steps needed must be 
increased by one as a result. However, it is still possible 
according to this embodiment to increase the sustaining break- 
down voltage with good characteristics ensured for the MOS 
transistor and without changing the sizes of the offset re- 

20 gions . 

The dopant concentration of the source offset region 4s 
is preferably lower than that of the source region 9s but 
higher than that of the source well offset region 3s. 

In the foregoing embodiment, dopant ions are implanted 
25 lightly into the source offset region 4s that has been select- 
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ed using a resist pattern. Alternatively, dopant ions of the 
opposite conductivity type may be implanted into the source 
offset region 4s to decrease the n-type dopant concentration 
in that region 4s after the source/drain offset regions 4s and 
4d have been formed as in the known process. 

In the foregoing embodiment, the present invention has 
been described as being applied to an NMOS. Naturally, 
though, the same effects are also attainable by applying the 
present invention to a PMOS. 



EMBODIMENT 3 

Next, a third embodiment of the present invention will 
be described with reference to the accompanying drawings. 

Hereinafter, a high -voltage MOS transistor with a LOCOS 

15 offset structure of the third embodiment will be described 
with reference to Figures 7 and 8. Figures 7 and 8 are re- 
spectively a cross-sectional view and a plan view illustrat- 
ing the high-voltage MOS transistor of the third embodiment. 
As shown in Figures 7 and 8, the high-voltage transistor is 

20 formed along with a low-voltage transistor on the same chip. 
In the illustrated embodiment, the high- and low-voltage tran- 
sistors D and B are implemented as an NMOS and a PMOS, respec- 
tively. 

First, the structure of the high-voltage transistor D 
25 will be described with reference to Figures 7 and 8. A p- 
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well 2 is defined for the high-voltage NMOS D inside a p-type 
substrate 1 and a gate electrode 8 is formed over the p-well 
2 with a gate oxide film 7 interposed therebetween, LOCOS 
regions 6 are formed around the edges of the gate electrode 8 
5 and between the gate electrode 8 and source/drain regions 9s 
and 9d to electrically isolate the gate electrode 8 from the 
source/drain regions 9s and 9d on the surface of the substrate 
1. Source/drain offset regions 4s and 4d are provided under 
the LOCOS regions 6 around the edges of the gate electrode 8. 

10 And source/drain well offset regions 3s and 3d are further 
provided under the source/drain regions 9s and 9d, 

As shown in Figures 7 and 8, the source/drain offset re- 
gions 4s and 4d are defined such that Ls=Ld as in the known 
high-voltage MOS transistor but the source/drain offset and 

15 well offset regions are defined such that Od > Os . Specifi- 
cally, the length Od of a region overlapping between the drain 
offset and well offset regions 4d and 3d is greater than that 
of the known transistor. And the dopant concentration of this 
overlapping region is the sum of those of the drain offset and 

20 well offset regions 4d and 3d. In contrast, the length Os of 
a region overlapping between the source offset and well offset 
regions 4s and 3s is relatively small (i.e., approximately ze- 
ro in the embodiment shown in Figure 7). And the dopant con- 
centration of this overlapping region is decreased by that of 

25 the p-well 2 of the conductivity type opposite to that of the 
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source offset region 4s, That is to say, the transistor of 
this embodiment has an asymmetrical dopant concentration pro- 
file, in which the dopant concentrations of the drain and 
source offset regions 4d and 4s are respectively higher and 
5 lower than that of the known transistor. 

In this structure, the gate, source and drain regions of 
the NMOS D are electrically isolated from a channel stopper 
10, which is a doped layer for creating a potential in the p- 
well 2, by n- and p-type isolating regions 4 and 5 and LOCOS 
10 regions 6 • 

Next, the structure of the low-voltage transistor B will 
be described with reference to Figures 7 and 8. An n-well 3 
is defined for the low-voltage PMOS B inside the p-well 2. 
i:y Another gate electrode 8 is formed over the n-well 3 with the 

15 gate oxide film 7 interposed therebetween, and source/drain 
O regions lis and lid are defined on the left- and right-hand 

sides of the gate electrode 8. In this structure, the gate, 
source and drain regions of the PMOS B are electrically iso- 
lated from a channel stopper 12, which is a doped layer for 
20 creating a potential in the n-well 3, by the n- and p-type 
isolating regions 4 and 5 and LOCOS regions 6 . 

Hereinafter, a method for fabricating the high-voltage 
MOS transistor with the' LOCOS offset structure of the third 
embodiment will be described with reference to Figures 9(a) 
25 through 9(d) . 
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First, as shown in Figure 9(a), the p-well 2 is defined 
in the surface region of the p-type substrate 1 by photo- 
lithography, ion implantation and annealing processes. In 
the illustrated embodiment, ions of a p-type dopant (e.g,, 
boron) are implanted into the surface region of the p-type 
substrate 1 with a resistivity of 10 to 50 Q • cm using a re- 
sist pattern that has been defined to form the well 2 for the 
high-voltage transistor. Then, the substrate is annealed to 
form the p-well 2 with a dopant concentration of 2.0Xio^^cm"^ 
and a diffusion depth of about 15//m, for example. 

Next, as shown in Figure 9(b), the n-well 3 for the low- 
voltage transistor B and the source/drain well offset regions 
3s and 3d for the high-voltage transistor D are formed at a 
time in respective surface regions of the p-well 2 by photo- 
lithography, ion implantation and annealing processes. In 
this process step, the resist pattern used for forming the n- 
well 3 for the low-voltage transistor B is shifted leftward 
from its normal position (i.e., from the gate electrode toward 
the source region) in Figure 7. In the illustrated embodi- 
ment, the resist pattern is shifted from its normal position 
toward the source by about 6.0//m. Using this resist pattern, 
ions of an n-type dopant (e.g., phosphorus) are implanted. 
Then, the substrate is annealed to form the n-well 3 and 
source/drain well offset regions 3s and 3d with a dopant con- 
centration of 1.0X10^® cm'^ and a diffusion depth of 5/^m, for 
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example. 

Subsequently, as shown in Figure 9(c), the n-type isolat- 
ing regions 4 and source/drain offset regions 4s and 4d are 
formed in the upper parts of the p-well 2 by photolithography 
5 and ion implantation processes. In the third embodiment, the 
source/drain well offset regions 3s and 3d have been shifted 
from their normal positions toward the source in the previous 
process step. Thus, if the resist patterns are defined in 
their normal positions in the subsequent process steps, then 

10 the source/drain offset and well offset regions will be auto- 
matically defined such that Od > Os • However, the lengths of 
the offset regions themselves are still equal to each other 
(i.e., Ld=Ls) because the same resist pattern as that applied 
to the known transistor is also used in this embodiment. In 

15 this manner, an asymmetrical dopant concentration profile, in 
which the concentrations of the drain and source regions are 
respectively higher and lower than that of the known transis- 
tor, is obtained using the existent resist patterns and 
without changing the specific lengths of the offset and well 

20 offset regions. Thereafter, the p-type isolating regions 5 
are formed by photolithography and ion implantation processes 
and then the LOCOS regions 6 are formed to cover these re- 
gions . 

In the illustrated embodiment, ions of an n-type dopant 
25 such as phosphorus and ions of a p-type dopant such as boron 
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are Implanted using a resist pattern and then the substrate is 
annealed to form the LOCOS regions 6. As a result, the n- and 
p-type isolating regions 4 and 5 are formed to have a dopant 
concentration of 2.0X10^^ cm'^ and a diffusion depth of about 2 
5 jum. The drain offset region 4d is formed to have a dopant 
concentration of 3.0X10^^ cm'^ and a diffusion depth of about 2 
U^f for example. And the source offset region 4s is formed 
to have a dopant concentration of 1.3X10^^ cm"^ and a diffusion 
depth of about 1.3//m, for example. 
10 In this embodiment, the lengths Ls and Ld of the 

source/drain offset regions 4s and 4d are both 6.0//m, because 
iZ the normal resist pattern is also used herein. And with the 

source/drain offset regions 4s and 4d fixed, the source/drain 
= n well offset regions 3s and 3d for the high-voltage transistor 

hQ 15 and the n-well 3 for the low-voltage transistor are shifted 
O toward the source by about 6 . 0//m such that Od>Os. 

Thereafter, as shown in Figure 9(d), the gate oxide film 
7 and gate electrodes 8 are formed on the surface of the sub- 
strate 1. Finally, the source/drain regions 9s and 9d and lis 
20 and lid and channel stoppers 10 and 12 are formed by photo- 
lithography, ion implantation and annealing processes. In the 
illustrated embodiment, ions of an n-type dopant (e.g., phos- 
phorus) are implanted using a resist pattern, and then the 
substrate is annealed to form the source/drain regions 9s and 
25 9d for the high-voltage NMOS D. The source/drain regions 9s 
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and 9d may have a dopant concentration of 2 . 0 X io^° cm"^ and a 
diffusion depth of about O.SjUm, for example. 

In this manner, the high- and low-voltage MOS transistors 
D and B are formed on the same chip. 
5 The known high-voltage MOS transistor has a sustaining 

breakdown voltage of 85 V, for example. On the other hand, 
the high-voltage MOS transistor according to this embodiment 
realizes a sustaining breakdown voltage of as high as 100 V, 
which is about 15 V higher than that of the known high- 

10 voltage MOS transistor. 

Hereinafter, it will be described with reference to Fig- 
ures 10(a) and 10(b) how the high-voltage MOS transistor with 
the LOCOS offset structure of this embodiment operates. In 
the following description, the high-voltage MOS transistor is 

15 supposed to be an NMOS for illustrative purposes. Figure 10(a) 
is a cross-sectional view illustrating the inventive high- 
voltage MOS transistor in operation, while Figure 10(b) is a 
graph showing a relationship between the drain voltage and the 
current . 

20 Like the known high-voltage MOS transistor, voltages are 

also applied to the inventive high-voltage MOS transistor at 
the electrode terminals G, D2, S2 and W2 in operation. How- 
ever, it is the regions G, Dl, SI and Wl under the gate elec- 
trode 8 that actually operate as the gate, drain, source and 

25 well of the transistor. The electrode terminals D2, 52 and W2 
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are separated from the regions Dl, SI and Wl with resistance 
components RD, RS and RW for the drain and source offset re- 
gions 4d and 4s and the p-well 2 interposed therebetween. 
These resistance components are provided to prevent the inten- 
5 sity of an electric field from increasing too much. 

When a positive voltage is applied to the gate electrode 
8 and the drain region 9d, the high-voltage MOS transistor 
turns ON. As a result, not only the drain region 9d but also 
the drain offset and well offset regions 4d and 3d, which are 

10 lightly-doped layers of the same conductivity type, are de- 
pleted. When these regions 3d, 4d and 9d are sufficiently 
depleted by further increasing the voltage applied, elec- 
trons, which are the majority carriers in the n-type regions, 
start to move from the source toward the drain and a drain 

15 current IDl starts to flow. Part of the drain current IDI 
flows toward the source region 9s, which current is the source 
current ISl. And the other part of the drain current IDl 
flows vertically toward the well 2 and the substrate 1, which 
current is the substrate current iwi. That is to say, IDl = 

20 ISl + IWI. The relationship between the drain voltage VDl and 
the current is shown in Figure 10(b). 

As can be seen from Figure 10(b), when the drain voltage 
VDl increases to reach a predetermined high voltage, the sub- 
strate current IWI starts to flow, thereby generating a poten- 

25 tial VWI ( =RW • IWI ) in the well 2. in the source region on 
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the other hand, the amount of the source current ISI flowing 
is the same as that of the known transistor. However, the re- 
sistance value RS of the source offset region 4s is higher 
than that of the known transistor. This is because the resist 
5 pattern for forming the well 3 for the low-voltage transistor 
has been shifted from its normal position toward the source 
and the dopant concentration of the source offset region 4s is 
lower than that of the known transistor. Accordingly, at the 
same drain voltage VDl, the source potential VSl of the inven- 

10 tive transistor is higher than that of the known transistor, 
because VS1=RS • 1S1._ That is to say, the higher the resis- 
tance value RS of the source offset region 4s, the higher the 
source potential VSl. Thus, even at the voltage VDl ( =x (V)) 
at which the sustaining breakdown occurs in the known high- 

15 voltage MOS transistor, the source potential VSl still can be 
equal to or higher than the substrate potential VWl ( = RW • 
IWl ) . In other words, the substrate potential VWl minus the 
forward biased breakdown voltage of silicon can be kept equal 
to or less than the source potential VSl. Accordingly, the 

20 parasitic bipolar transistor, which is unintentionally formed 
by the regions Dl, SI and Wl in the known MOS transistor, does 
not turn ON. The substrate current IWl does not increase 
abruptly and therefore the drain current IDl does not reach 
the value causing the sustaining breakdown in the transistor. 

25 As a result, the sustaining breakdown is avoidable. 
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As described above, according to the third embodiment, 
the dopant concentration of the source offset region 4s is 
controlled in such a manner as to set the resistance value RS 
of the source offset region 4s to an appropriate value* Thus, 
5 the transistor of this embodiment has an asyiranetrical dopant 
concentration profile, in which the dopant concentration is 
lower in the source offset region than in the drain offset re- 
gion. However, it is still possible according to this embodi- 
ment to increase the sustaining breakdown voltage with the 

10 normal resist pattern used, with good characteristics ensured 
for the MOS transistor and without changing the sizes of the 
offset regions or the process steps. 

The resist pattern for forming the well for the low- 
voltage transistor may be shifted such that the source well 

15 offset region 3s moves away from the gate electrode 8 but is 
still in contact with the source offset region 4s and out of 
contact with the p-type isolating region 5 . 

In the foregoing embodiment, the normal resist pattern is 
used and shifted toward the source to set the resistance value 

20 RS of the source offset region 4s to an appropriate value. 
However, if a resist pattern is newly defined, then the drain 
and source currents Id and Is and the lengths Od and Os of the 
overlapping regions should be designed as shown in Figures 7 
and 8. 

25 In the foregoing embodiment, the present invention has 
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# # 

been described as being applied to an NMOS. Naturally, 
though, the same effects are also attainable by applying the 
present invention to a PMOS, 

A resist pattern for forming the well 3 for the low- 
5 voltage transistor B may be applicable to forming the 
source/drain well offset regions 3s and 3d for the high- 
voltage transistor D in the fabrication process of the high- 
voltage transistor D. In that case, the same effects as those 
of the first and second embodiments are also attainable ac- 

10 cording to the third embodiment just by slightly shifting that 
resist pattern. And yet the sizes of the well offset regions 
3s and 3d need not be changed and no additional process steps 
are required. Thus, the method of the third embodiment is 
particularly advantageous considering its simplicity and cost 

15 effectiveness. 
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